Disclosure: No potential conflicts of interest were disclosed.
Introduction
Immunotherapy with checkpoint inhibitors (CPIs) is becoming a new standard of treatment for metastatic non-small cell lung cancer (NSCLC) patients. Thus far, three agents, two anti-PD-1 inhibitors and one PD-L1 inhibitor, have proven antitumor efficacy in terms of improved response rates and overall survival compared to standard chemotherapy in the second-line setting, namely nivolumab, pembrolizumab and atezolizumab. [1] [2] [3] [4] [5] [6] Moreover, pembrolizumab also showed survival advantage over standard chemotherapy in the first-line setting, while nivolumab failed to deliver the same, the main difference probably being patient selection criteria in the clinical trials. 7, 8 Patients that benefit from immune checkpoint inhibitors have durable responses with mild toxicities that are mostly immune-related. However, only about 20% of unselected NSCLC patients actually respond to these therapies. 9, 10 Until now, PD-L1 (programmed death ligand 1) protein expression determined by immunohistochemistry (IHC) has been most widely explored as a putative predictive biomarker for response to CPIs in cancer, also in NSCLC. The PD-L1 expression can be explored on tumor cells (TC) and or tu-mor-infiltrating immune cells (IC). [10] [11] [12] In NSCLC, PD-L1 expression was mainly evaluated on TC, while data on PD-L1 expression on IC is scarce and its importance is yet to be validated. 10, [13] [14] [15] [16] In general, higher PD-L1 expression correlated with higher overall response rates (ORRs) and consequently better overall survival (OS) across majority of clinical trials. This was demonstrated in clinical trials assessing activity of pembrolizumab and atezolizumab in histologically unselected NSCLC and nivolumab in non-squamous lung carcinoma (non-SCC). [2] [3] [4] [5] [6] On the contrary, in the trial studying nivolumab activity exclusively in squamous-cell lung carcinoma (SCC) no major differences in efficacy were observed regarding PD-L1 expression. 1 So there seems to be a vital difference between PD-L1 expressions in major subtypes of NSCLC, which makes them react differently to CPIs. One possible reason is that mutational burden is probably higher in patients with SCC, which might be related to their smoking status. 17, 18 PD-L1 expression determination is also subjected to antibody clone, assay platform and cut-off values used in a particular study. In drug development programs, specific diagnostic tests, including antibody clone and staining platform have been used and validated for each particular PD-L1/PD-1 inhibitor. [10] [11] [12] Substitutability of these tests and antibodies is still uncertain. Harmonization trials addressing the question of interchangeability between them showed no major differences considering certain antibodies with only outlying of SP142 antibody being less sensitive for TC, but not for IC staining, compared to other antibodies. [13] [14] [15] [16] The importance of tissue specimen selection seems to be vital, since data suggest that PD-L1 expression in tumor tissue is indeed heterogeneous and small biopsy specimens showed lower PD-L1 positivity compared to surgical resection specimens. 19 Within this research, we studied PD-L1 expression in tumor resection specimens, in TC and IC, of two most common NSCLC histology subtypes -adenocarcinoma (AC) and SCC.
Patients and methods

Patient selection
This prospective study was conducted on surgical specimens from patients with primary operable NSCLC, diagnosed and treated at the University Clinic Golnik from 2006-2015. The specimens were collected and stored at the Laboratory of pathology at the same clinic. Tumor specimens of consecutive patients diagnosed with squamous-cell carcinoma and adenocarcinoma were included.
Patient characteristics
Baseline clinicopathological characteristics, such as age at diagnosis, sex and smoking status were obtained from the University Clinic Golnik hospital lung cancer registry database.
Smoking status categories were divided into current smoker, never smoker and former smoker, the latter defined as a person that quit smoking more than a year before the initial diagnosis of lung cancer.
This study was conducted according to the Declaration of Helsinki and was approved by National Ethics Committee (approval number 40/04/12).
Tumor tissue
The specimens were formalin-fixed, paraffin embedded (FFPE), sliced into 4 μm sections and stained for PD-L1 with a rabbit monoclonal antibody SP142 (Ventana/Roche, USA) on an automated platform (Benchmark, Ventana/Roche, USA). Three independent investigators (I.K., U.J. and L.C.) examined whole slices without prior knowledge of the clinicopathological features of the patients. The presence of IC (yes/no) was evaluated for each individual specimen. Percentage of PD-L1 positive immunohistochemical reaction was evaluated in TC and IC, ranging from 0-100%, regardless of staining intensity. The staining of TC on the cell membrane was regarded as positive, whereas IC showed PD-L1 positive reaction in the cytoplasm. Human placenta was also immunostained as a control tissue for PD-L1 expression. The results were then statistically analyzed for two preplanned cutoff values, namely 5% or higher and 10% or higher PD-L1 expression in either TC or IC.
Statistical considerations
Statistical analyses were performed using SPSS v22 software. Inter-rater agreement of PD-L1 expression in TC and IC was evaluated using Fleiss kappa. PD-L1 expression in either TC or IC was evaluated for unconditional association with the dependent variables using a Chi-square test for categorical data and t-test for continuous data. Association between expression in TC and IC was evaluated with McNemar test. In all analyses the p value of < 0.05 was considered statistically significant.
Results
A total of 54 tumor samples were examined, 29 of them (54%) were AC and 25 (46%) were SCC. The majority of samples were retrieved from male patients 34 (63%) and 20 (37%) from female. The mean (SD) age at diagnosis was 62.4 (8.6) years. Most of the patients were smokers (46%) or ex-smokers (39%). Patient characteristics are listed in Table 1. PD-L1 positive reaction in either TC or IC is shown in Figure 1 . In TC, the expression of PD-L1 was equal or higher than 10% in 17 samples, between 5% and 10% in only 1 sample, lower than 5% in 14 samples and completely absent in 22 samples. The inter-rater agreement in this case was almost perfect (κ = 0.89; p < 0.001 at 5% cut-off value). Significantly higher rates of TC PD-L1 positivity were determined in SCC than in AC, at both 5% and 10% cut-off values (52% vs. 17%; p = 0.016 and 52% vs. 14%; p = 0.007, respectively). The proportion of PD-L1 positivity in TC of AC and SCC is depicted in Figure 2 .
Compared to the expression in TC, PD-L1 was more often present in IC. PD-L1 expression in IC was equal or higher than 10% in 28 samples, between 5% and 10% in 12 samples, lower than 5% in 6 samples and completely absent in 8 samples. In this case the inter-rater agreement was lower as in the determination of TC (κ = 0.12; p = 0.119 at 5% or higher cut-off value). There were no significant differences observed in IC PD-L1 positivity rates be- (Figure 2 ). However, while at the lower cut-off level of 5% the PD-L1 expression in IC was similar in AC and SCC samples, the numerically higher, but not statistically significant, higher PD-L1 positivity rate was observed in SCC. At the same time, this PD-L1 expression in IC was the only noticed difference in PD-L1 expression by predefined cut-off values. (Figure 2 ) Higher levels of expression of PD-L1 were observed in IC than in TC. Approximately one third of samples were PD-L1 positive in TC irrespective of the cut off level, compared to more than half of the samples that were positive in IC at 10% cut-off and three quarters at 5% cut-off. The difference in expression between IC and TC reached the level of significance in AC, but not in SCC at both cut-of values ( Table 2) .
The total PD-L1 positivity rate (either in TC or IC) was the same as determined for IC in AC, irrespective of the cut-off value, since all of the positive TC samples were also IC positive. In SCC the total positivity rate was slightly higher than the rates observed in IC, since three samples that were TC positive, were IC negative, irrespective of the cutoff value (Table 2) .
Histology was associated with different PD-L1 expression in our 54 samples. In total, the samples obtained from SCC patients were more frequently determined as PD-L1 positive compared to the samples from AC patients, mainly due to a significantly higher rate of PD-L1 positivity of TC in SCC compared to AC histology (Table 2 and Figure 2 ).
Discussion
In the present study, we showed that PD-L1 expression in lung cancer might differ according to histology and that the selection of TC and/or IC for the evaluation influences the PD-L1 positivity rate in adenocarcinomas. Based on our results, we observed a significantly higher proportion of PD-L1 positivity among SCC than AC, when considering staining in the TC, whereas PD-L1 positivity in IC is quite high in both histological subtypes of NSCLC.
According to our knowledge, only few studies reported PD-L1 expression separately in SCC and AC. Among them, two studies by Yang et al. 20, 21 mirror our results in terms of higher positivity in SCC. In these studies, the PD-L1 positivity in TC was 56.2% and 39.9% in SCC and AC, respectively. They used another PD-L1 antibody to stain the tissue (Proteintech Group Inc., USA), but similar cutoff point of 5%.
There are also studies with different results in the literature. For example, D'Incecco et al. 22 analyzed PD-L1 expression in NSCLC tumor specimens separately for SCC and non-SCC, and reported on TC positivity rate of 30% and 63%, respectively. The reason for different results compared to ours could be the use of different antibody (Ab58810 by Ventana) in this particular study and the fact that they used both whole tissue specimens and small biopsies, which may not reflect the actual PD-L1 expression of the tumor. Since NSCLC tumor specimens are obviously quite heterogeneous, we firmly believe that it is important to have a large tissue specimen for PD-L1 determination, as small specimens are unreliable and might not represent the whole image of PD-L1 positivity in the tumor. 19 The clinical trials with immune checkpoint inhibitors put the clinical outcomes in perspective according to PD-L1 expression. Most of these trials used only biopsy specimens, while whole tissue specimens were in minority, since the population included patients with advanced NSCLC. [1] [2] [3] [4] [5] [6] Two phase 3 trials with NSCLC patients evaluating nivolumab, namely CheckMate 017 and CheckMate 057, were the only two that performed separate clinical trials on SCC and non-SCC subpopulations of advanced NSCLC patients. Results showed similar response rates in the overall population of around 20%, but differences emerged when responses were examined according to PD-L1 expression. While SCC population has a stable response to therapy no matter the cut-off value, ranging from 17-21% in the PD-L1 positive and negative population of patients, responses of non-SCC population are higher with increasing PD-L1 expression, ranging from 31-37% for PD-L1 positive patients and less than 10% in PD-L1 negative population of patients. 1, 2 The same applies to undivided advanced NSCLC patient population, treated with pembrolizumab and atezolizumab. It should be noted that these trials recruited substantially more non-SCC than SCC patients and showed that the higher the positivity rate of PD-L1 expression, the better the clinical outcomes. [3] [4] [5] [6] Based on our data as well as data published and described above, SCC seems to be distinct from non-SCC. That reflects both in high PD-L1 positivity and in steady responses to immune checkpoint therapy across SCC subgroup of patients. One of the possible explanations could be high levels of acquired somatic mutations in SCC patients caused with carcinogens such as cigarette smoke, especially because most of the patients with SCC are smokers. Rizvi et al. analyzed the responses to pembrolizumab with respect to the mutational burden of NSCLC patients and discovered that patients with a high rate of somatic mutational burden had a much higher rate of responses to pembrolizumab and that those responses were durable. 17, 18 So far, data on the importance of IC in tumor microenvironment are scarce and even less data exist on PD-L1 positivity of these cells and what is their clinical significance. Our study showed high levels of PD-L1 positive IC across all histological subtypes of NSCLC no matter the cut-off value applied. Only one paper reported PD-L1 expression on IC separately, but used different methodology for their determination, so these data are hardly comparable with ours. 23 Most of the clinical trials with immune checkpoint inhibitors used PD-L1 expression on TC as enrichment predictive biomarker. [1] [2] [3] The trials with atezolizumab were the only ones that considered PD-L1 expression on both, TC and IC. [6] [7] [8] The antibody used in these trials was the same as in our study (Ventana SP142), but their cutoff values were determined a bit different. Since they reported the results of PD-L1 expression on TC and IC together, it cannot be established if one type of cells are more prominent than the other or which cells prevail concerning PD-L1 expression. [4] [5] [6] PD-L1 assays poses major challenges and barriers in comparing results obtained by different IHC assays. When dealing with different antibodies, cut-off values, platforms, tissue specimens, tumor heterogeneity and different types of cells being evaluated, a uniform way of determining PD-L1 expression comes to mind. 11, 12 Three trials of harmonization and standardization for quantitative assessment of PD-L1 positivity were already published [13] [14] [15] and one was presented in form of an abstract. 16 The major finding of The Blueprint project 13 and of the German study 14 , which compared four assays (with corresponding platforms and antibodies Ventana SP142, Ventana SP263, Dako 22C3 and Dako 28-8) was that the Ventana SP142 assay stains less TC than the other three. Staining of the IC was observed across different assays, but with greater variability compared to TC staining, which they clarify by the lack of criteria for scoring of the PD-L1 positive IC component in tumors. This is a viable explanation for our results as well, since we showed IC to be highly positive across both histological subtypes. Whether using Ventana SP142 assay influenced the differences in TC staining between AC and SCC samples observed in our study cannot be ruled out completely.
In addition to the use of specific Ventana SP142 assay, which obviously stains less TC, the limitation of our study is also a relatively small number of patients, which makes results barely comparable to other trials.
In conclusion, we have shown significantly higher levels of PD-L1 expression in TC of SCC compared to AC samples, while no difference in PD-L1 expression on IC was observed. Even though PD-L1 positivity is far from being an optimal predictive marker, higher PD-L1 expression in SCC might reflect a high mutational load in this smoking related lung cancer. Ongoing research is already oriented at mutational load and smoking gene signatures in addition to other immune markers that might offer a more accurate prediction of response to CPIs in future. Until then, we might feel comfortable to use some of the CPIs in lung cancer without PD-L1 determination, at least in patients with squamous-cell carcinoma.
